The germination of three species of genus Gladiolus, G. illyricus, G. italicus and G. tristis (var. tristis and concolor) was studied. 
INTRODUCTION
The genus Gladiolus is widely distributed throughout the word (Lewis et al., 1972) , while G. italicus Kerr-Gawler (syn. G. segetum) (Goldblatt, 1994 ) is distributed throughout southern Europe, North Africa, SW Asia and Macaronesia. It is widely presented in SE Spain, normally inland. In these environmental conditions it grows between 40 and 100 cm in height with a spike inflorescence consisting of 5-10 flowers with pink petals (Sánchez et al., 1998) . It is suitable for use as a cut flower.
G. illyricus Koch. is distributed throughout S and W Europe, North Africa and Western Asia. It is widely presented in the SE Spain. In this conditions it shows a certain botanical similarity with G. italicus but is shorter and has fewer leaves (Sánchez et al., 1998) . It is more suitable as a rockery plant.
G. tristis L. is from South Africa and presents two botanical varieties, G. tristis var. tristis and G. tristis var. concolor. Both varieties are well adapted to Mediterranean conditions, flowering in winter. G. tristis var. tristis has aesthetically pleasing characteristics and a pleasant aroma. G. tristis var. concolor flowers later, is shorter and has a smaller number of flower buds and shorter spike than G. tristis var. tristis. Its petals are yellow-green with faint purple stripes as opposite to the golden yellow and bright purple stripes of the first one.
All the species can be sexually or asexually propagated, although seed production is higher than cormel production (González et al., 2003) . Generally, plants produced from seeds flower in the second year (Cohat, 1993) . Sexual propagation in Gladiolus is very important for breeders and for the recovery and maintenance of the threatened germplasm. Carpenter et al. (1991) have shown that seed germination in Gladiolus grandiflorus was light-independent but greatly influenced by temperature. However, the studies on seed germination should bear in mind other aspects such as the seed provenance, within population variation, simultaneously interacting environmental factors, dormancy period, seed storage, etc.
The object of the present study was to determine the influence of seed provenance, temperature and light conditions on seed germination in three species of genus Gladiolus.
MATERIALS AND METHODS
G For the experiment, seeds were germinated on a double layer of filter paper moistened with a solution containing 2% Thiram and placed (25 seeds each) in 9 cm Petri dishes. In all treatments there were four blocks with 100-seed replicates for each treatment. Imbibed seeds were kept in darkness or in 12h-photoperiod, in incubators at a constant 13, 15, 18 ºC or 20/15 ºC (temperature alternated every 12 h). Every three days germination counts were made of seeds with visible radicle protrusion through the testa (Carpenter et al., 1991) . Total absolute germination percentage was calculated. The assay lasted 33 days.
Percent germination were transformed into angular values arcsin √x and subjected to ANOVA using LSD test (p <0.05) for means separation.
RESULTS AND DISCUSSION
Both Gladiolus tristis var. tristis and G. tristis var. concolor were lightindependent but slightly influenced by temperature (Table 1 ). The treatment including alternating temperatures 15/20 ºC produced the lowest germination percentages, similar to those obtained by Carpenter et al. (1991) in G. grandiflorus for this temperatures; the percentage was especially low with 20/15 ºC and 12-h photoperiod (29%) (data not presented). In neither case was there no an interaction between the photoperiod and the temperature assayed.
G. illyricus germination presented multiple interactions between the origin of the seeds, light and temperature (Table 2) . When studying the effect of light and temperature separately as a function of the origin, it was observed that in the seeds originated from wild plants there was an interaction between the temperature and the photoperiod. Seeds exposed to the 12-h photoperiod and 13 or 15 ºC produced the highest percentages of germination, with no showing significant differences between them (Fig. 1A) . The 15/20 ºC treatment produced the lowest percentage. In the case of total darkness there were significant differences between the four temperatures used, the highest percentage of germination being at 13 ºC and, once again, the lowest at 15/20 ºC (Fig. 1B) . If we compare the effect of the photoperiod for each temperature, there was no significant differences between light and darkness at 13, 15, or 18 ºC, but at 15/20 ºC the percentage of germination in darkness was higher (Figs. 1C, 1D, 1E and 1F) .
G. illyricus seeds originated from plants cultivated in the greenhouse showed a similar behaviour to the previous above (Fig. 2) , except as regards the different temperatures in darkness, when there was no significant differences between the 13 and 15 ºC treatment (Fig. 2B) . In this case, the lowest percentage of germination was obtained at 15/20ºC.
In G. illyricus seeds originated from plants cultivated in the open air there was no interaction between the photoperiod and temperature (Table 3 ). There were significant differences between the four germination temperatures assayed germination, the highest percentage being obtained at 13 ºC (81.5%) and the lowest at 15/20 ºC (4%). There were significant differences between light and darkness treatments.
In the case of G. italicus, ANOVA was not applied because the data did not comply with the homoelasticity assumption. However, the percentage of germination of G. italicus seeds originated from plants cultivated both in greenhouse and in the open air was the lowest, being almost zero in all treatments, except in seeds from greenhousecultivated plants germinated at 13 ºC in darkness when germination reached 6% (data not presented). In this case, we suppose that the low percentage of germination is due to seed dormancy, probably to testa hardness. For this reason, it would be interesting to carry out others germination assays with washing, stratification, etc. in order to improve this low percentage germination.
In general, the optimum temperatures for Gladiolus seed germination were between 13 and 15 ºC for all species and light treatments assayed. These results differ from those found by Carpenter et al. (1991) in G. grandiflorus, where a constant 20ºC or an alternating 20 to 25 ºC or 25 to 30 ºC were optimal.
CONCLUSIONS
Sexual propagation in Gladiolus is very important for breeders and for the recovery and maintenance of the threatened germplasm. The optimum temperatures for Gladiolus tristis var. tristis, G. tristis var. concolor and G. illyricus seed germination were between 13 and 15 ºC. The percentage of germination of G. italicus seeds was almost zero in all treatments, probably due to seed dormancy. Timber press. Portland, Oregon. González, A., López, J., Fernández, J.A., Bañón, S. and Rodríguez, R. 2003. Ornamental use of wild species of genus Gladiolus. Acta Horticulturae, 598: 59-63. Lewis, G.J., Obermeyer, A.A., and Barnad, T.T. 1992. A revision of the South African species of Gladiolus. J.S. African Bot., Suppl., 10:1-316. Sánchez, P., Guerra, J., Coy, E., Hernández, A., Fernández, S. and Carrillo, A.F. 1998 . Flora de Murcia: Claves de identificación e iconografía de plantas vasculares. Ed. Diego Marín. Murcia. 
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